LIGHTWEIGHT BEARING AND WAVE GEAR DRIVE 



Cross-Reference to Related Application 

This application is a continuation application of U.S. patent 
application serial No. 10/150,962, filed May 21, 2002, and which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a lightweight bearing, and 
-to a wave gear drive in which a rigid, circular internal gear and a flexible, 
circular external gear are coupled by the lightweight bearing so that the 
gears can rotate relative to each other. 

Description of the Related Art 

In JP-A 09-250608, this applicant proposed a compact 
wave gear drive unit that uses a cross-roller bearing. The compact wave 
gear drive unit of this disclosure included first and second end-plates 
disposed at each end in the unit's axial direction, a top-hat-shaped 
wave gear drive incorporated between the end-plates, and a 
cross-roller bearing that rotatably supports a top-hat-shaped flexible 
external gear and rigid internal gear constituting the wave gear drive, 
a drive housing being comprised by an outer ring of the cross-roller 
bearing and the first and second end-plates. In JP-A 09-303496, this 
applicant also proposed a wave gear drive unit having a similar 
structure, that included a cup-shaped wave gear drive. 

Such wave gear drive units are compact enough to be used 
as reduction gear mechanisms of actuators incorporated in robotic arms 
and other such applications in which installation space is limited. 
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Generally, It is necessary for the constituent connponents of such 
mechanisms to be light In weight. In a wave gear drive unit, the 
cross-roller bearing and rigid internal gear in particular are heavy, so if 
the weight of these parts could be reduced, it would make it possible to 
reduce the weight of the wave gear drive unit. 

However, the raceway surfaces of the cross-roller bearing 
and the teeth of the rigid internal gear have to be durable and 
wear-resistant, which has necessitated the use of heavy iron-based 
materials. Moreover, the bearing rings of the cross-roller bearing and 
rigid internal gear are affixed to other members such as the unit 
housing, so if such members are made of a lightweight material such 
as aluminum alloy, the members are not able to withstand the seating 
pressure of the fixing bolts, leading to seating faces that are defective 
or strained and the like, thereby degrading the fixing force. For these 
reasons, it has been difficult to reduce the weight of cross-roller 
bearings and wave gear drive units. 

A main object of the present invention is to provide a 
lightweight cross-roller bearing and wave gear drive in which the light 
weight is achieved without harming the performance of the bearing 
raceway surfaces or rigid internal gear teeth while at the same time 
ensuring the seating-face strength of the fastening surfaces of the 
bearing rings and rigid internal gear of the wave gear drive. 

SUMMARY OF THE INVENTION 
To attain the above object, the present invention provides 
a lightweight bearing in which at least an outer or inner bearing ring has 
fixing holes formed therein for fixing the ring to another member, the 
bearing ring comprising a main bearing ring member in which said fixing 
holes are formed, and a raceway surface formation member that is 
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fixed to the main bearing ring member and forms a raceway surface on 
an inner peripheral surface or outer peripheral surface, the raceway 
surface formation member is formed of an iron-based material, the 
main bearing ring member is formed of a lightweight material that is 
lighter than the iron-based material, and a hard plated coating is 
formed on surface portions of the main bearing ring member that form 
a seat for fasteners used in the fixing holes. 

The coating can be an electroplated or electroless coating 
of nickel or chromium, and the coating can be approximately 5 microns 
thick. The lightweight material can be an alloy of a light metal such as 
aluminum alloy or titanium alloy, or can be plastic, or ceramics. 

When said ring is the outer bearing ring, the main bearing 
ring member can be formed of aluminum alloy, and the raceway surface 
formation member comprised of an iron-based material can be cast in 
the aluminum alloy or inserted into the main bearing ring member, 
using pressing by sh rink-fitting or the like to unite the two members. 
The main bearing ring member can instead be formed of titanium alloy 
and forging used to unite the raceway surface formation member 
formed of iron-based material with the main bearing ring member. 

When said ring is the inner bearing ring, the main bearing 
ring member can be formed of titanium alloy, and the raceway surface 
formation member comprised of an Iron-based material can be cast in 
the titanium alloy or inserted into the main bearing ring member, using 
pressing by shrink-fitting or the like to unite the two members. The 
main bearing ring member can instead be formed of aluminum alloy and 
forging used to unite the raceway surface formation member formed of 
iron-based material with the main bearing ring member. 

The above and other objects can also be attained by a wave 
gear drive comprising a rigid internal gear, a flexible external gear 
located inside the internal gear, a wave generator located therein, and 
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a lightweight bearing having the above-described configuration that 
couples the rigid internal gear and flexible external gear in a state in 
which there can be relative rotation between the internal gear and the 
external gear. 

The rigid internal gear connprises a main gear nnember, and 
a circular teeth formation member that is attached to an inner 
peripheral surface of the main gear member and has internal teeth 
formed on an inner peripheral surface. The teeth formation member is 
formed of an iron-based material and the main gear member can be 
formed of a lightweight material that is lighter than the iron-based 
material. 

The wave generator comprises a rigid cam plate and a ball 
bearing that fits on an outer peripheral surface of the rigid cam plate. 
The rigid cam plate can be formed of a lightweight material that is 
lighter than the iron-based material. 

When the main gear member of the rigid internal gear has 
fixing holes formed therein for attachment to another member, it is 
desirable to form a hard plated coating of a surface portion that seats 
fasteners used in the fixing holes. The hard plated coating can be an 
electroplated or electroless coating of nickel or chromium 
approximately 5 microns thick. It is preferable for the seat to have a 
limit contact pressure that is at least about 25 kgf/mm^. The lightweight 
material can be an alloy of a light metal such as aluminum alloy or 
titanium alloy, or can be plastic or a ceramics material. 

In the wave gear drive of the invention thus comprising a 
rigid internal gear, a flexible external gear located inside the internal 
gear, a wave generator located therein, and a lightweight bearing 
configured to couple the rigid internal gear and flexible external gear in 
a state In which there can be relative rotation between the Internal and 
external gears, the rigid internal gear comprises a main gear member. 
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and a circular teeth formation member that is attached to an inner 
peripheral surface of the main gear member and has internal teeth 
formed on an inner peripheral surface, with the teeth formation 
member being formed of an iron-based material and the main gear 
member formed of a lightweight material that is lighter than the 
iron-based material. The main gear member of the rigid internal gear 
has fixing holes formed therein for attachment to another member, and 
a surface portion that forms seats of fasteners used in the fixing holes 
has a hard-plate coating. The hard plated coating can be an 
electroplated or electroless coating of nickel or chromium 
approximately 5 microns thick. The fastener seats have a limit contact 
pressure that is at least about 25 kgf/mm^. The lightweight material can 
be an alloy of a light metal such as aluminum alloy or titanium alloy, or 
can be plastic or a ceramics material. 

Further features of the invention, Its nature and various 
advantages will be more apparent from the accompanying drawings 
and following detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a cross-sectional diagram of a cup-shaped wave 

gear drive unit according to the present invention. 

Figure 2 is a diagram for explaining the cup-shaped wave 

gear drive unit of Figure 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
A wave gear drive unit that applies the present invention 
will now be described, with reference to Figure 1, which Is a 
cross-sectional diagram of a cup-shaped wave gear drive unit according 
to the present invention, and Figure 2, which shows the configuration 
of the wave gear drive. The wave gear drive 110 of the wave gear drive 
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unit 100 includes a circular, rigid internal gear 120 having internal teeth 
123 provided on its inner peripheral surface, a cup-shaped, flexible 
external gear 130 disposed inside the rigid internal gear 120, and an 
elliptical wave generator 140 disposed inside the flexible external gear 
130. The flexible external gear 130 and rigid internal gear 120 are 
rotatably supported by a cross-roller bearing 150 in a way that enables 
the gears 130 and 120 to rotate relative to each other. The rigid internal 
gear 120 is a composite part consisting of a cylindrical main gear 
member 121 and a teeth formation member 122 integrally affixed to 
an inside peripheral edge of the main gear member 121. Internal teeth 
123 are provided on an inner peripheral surface of the teeth formation 
member 122. 

The cup-shaped flexible external gear 130 includes a 
cylindrical body 131, external teeth 132 formed on an outer periphery 
around an opening at one end of the body 131, a circular diaphragm 
133 formed integrally at an opening at the other end of the body 131, 
and a thick, annular boss 134 formed integrally with the diaphragm 133. 
The wave generator 140 comprises a rigid, elliptical cam plate 141 and 
a ball bearing 142 mounted on an outer periphery of the rigid cam plate 
141. The rigid cam plate 141 has an axial hole 143 for coupling to a 
motor output shaft (not shown). 

The cross-roller bearing 150 includes an outer ring 151, an 
inner ring 155, and a plurality of rollers 160 disposed in a circular 
raceway provided between the outer and inner rings 151 and 155. The 
outer ring 151 is a composite part consisting of an annular outer-ring 
body member 152 and an annular outer-ring raceway formation 
member 153 on an inside of the member 152. An inner peripheral 
surface of the outer-ring raceway formation member 153 is formed as 
a V-shaped raceway surface. The outer ring 151 thus configured is 
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attached to a circular end face of the rigid internal gear 120 by bolts 
154. 

The inner ring 155 is a composite part consisting of a thick, 
annular inner-ring body member 155 and an annular inner-ring 
5 raceway formation member 157 on an outside of the member 156. An 
outer peripheral surface of the inner-ring raceway formation member 
157 is formed as a V-shaped raceway surface. The inner ring 155 thus 
configured is attached to the boss 134 by bolts 158. An outer end of the 
inner-ring body member 156 is coupled to a drive-side member (not 

10 shown). A circular plate 170 is provided on a circular end face 152a to 
form a seat for the bolts. An oil seal 171 is provided around an inner 
peripheral edge of the plate 170; the seal 171 acts as a seal between 
the inner and outer rings 155 and 151. 

When the wave generator 140 Is rotated by a motor, it 

15 flexes the internal gear 120 into an elliptical shape, pushing the ends 
of the ellipse into engagement with the external gear 130 and moving 
the mesh points around the circumference, generating a relative 
rotation between the gears arising from the difference in the number 
of gear teeth. An input rotational speed is thus greatly reduced. In this 

20 example, the rigid internal gear 120 is fixed, and the reduced rotation 
is output from the side of the inner-ring body member 156 fixed to the 
flexible external gear 130. 

Thus, the bearing outer ring 151 is a composite part 
consisting of the outer-ring body member 152 and the outer-ring 

25 raceway formation member 153. Similarly, the inner ring 155 is a 
composite part consisting of the inner-ring body member 156 and the 
inner-ring raceway formation member 157. And, the rigid internal gear 
120 Is a composite part consisting of the main gear member 121 and 
the teeth formation member 122. The outer-ring body member 152, 

30 Inner-ring body member 156, and teeth formation member 122 are all 
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formed of a lightweight material that is lighter than iron-based material. 
Examples of materials that can be used include alloys of a light metal 
such as aluminum alloy and titanium alloy, plastic, and ceramics. On the 
other hand, the outer-ring raceway formation member 153 and 
inner-ring raceway formation member 157 which have raceway 
surfaces, and the teeth formation member 122 on which the internal 
teeth 123 are formed, are all formed of an ordinary iron-based material. 
In this example, the rigid cam plate 141 of the wave generator 140 also 
is formed of an alloy of a light metal such as aluminum alloy and 
titanium alloy, or of plastic or ceramics. 

The method of manufacturing the composite inner and 
outer rings 151 and 155 will now be described. First, the outer-ring 
body member 152 and the outer-ring raceway formation member 153 
are attached together as follows. 

When the outer-ring body member 152 is formed of 
aluminum alloy, which has a larger coefficient of linear expansion than 
an iron-based material, aluminum alloy casting is used to unite the 
outer-ring raceway formation member 153, which is made of 
iron-based material, with the outer-ring body member 152. The two 
members can also be united by pressing using shrink-fitting or the like 
the outer-ring raceway formation member 153 into the outer-ring body 
member 152. After using casting to unite the members, the inner 
peripheral (raceway) surface of the outer-ring raceway formation 
member 153 can be hardened using high-frequency or laser hardening, 
which can be followed by machining. 

When the outer-ring body member 152 is formed of 
titanium alloy, which has a smaller coefficient of linear expansion than 
an iron-based material, forging can be used to unite the outer-ring body 
member 152 with the outer-ring raceway formation member 153 
formed of iron-based material. When forging is used, contact surfaces 
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of the two members can be coated with adhesive. Heat-treatment can 
be used to harden the inner peripheral (raceway) surface of the 
outer-ring raceway formation member 153 beforehand, or 
high-frequency or laser hardening can be used after the members have 
been united. 

When the difference In the coefficients of linear expansion 
of the outer-ring body member 152 and the outer-ring raceway 
formation member 153 Is less than 5 x 10"^, the members can be united 
using casting, forging, sh rink-fitting, or epoxy resin or other such 
adhesive. 

Next, the method of uniting the component parts of the 
Inner ring 155 will be described. When the inner-ring body member 156 
is formed of titanium alloy, the inner-ring raceway formation member 
157 and inner-ring body member 156 can be united by casting the 
Iron-based Inner-ring raceway formation member 157 in the titanium 
alloy, or by pressing using shrlnk-fitting or the like the Inner-ring 
raceway formation member 157 into the inner-ring body member 156. 
After the casting, the inner peripheral (raceway) surface of the 
inner-ring raceway formation member 157 can be hardened by 
high-frequency or laser hardening, which can be followed by machining. 

When the inner-ring body member 156 Is formed of 
aluminum alloy, forging can be used to unite It with the Inner-ring 
raceway formation member 157 made of iron-based material. The 
members can also be united by pressing using shrink-fitting or the like. 
When forging or press-fitting is used, adhesive can be applied to contact 
surfaces of both members. Heat-treatment can be used beforehand to 
harden the Inner peripheral (raceway) surface of the inner-ring raceway 
formation member 157, or high-frequency or laser hardening can be 
used after the members have been united. When the difference In the 
coefficients of linear expansion of the Inner-ring body member 156 and 
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the inner-ring raceway formation member 157 is less than 5 x 10'^, the 
members can be united using casting, forging, shrinlc-fitting, or epoxy 
resin or other such adhesive. Following on from this, the members 121 
and 122 of the rigid internal gear 120 can be united in the same way 
5 as in the case of the outer ring described above. 

To increase the strength of the union of the composite parts 
of the inner and outer rings 155 and 151, it is desirable to form axial 
and/or circumferential ridges to prevent the parts from disengaging. It 
is also desirable for the thickness of the portions of the members 153 

10 and 157 on which raceways are formed to be at least one-fifth of the 
diameter of the rollers of the cross-roller bearing 150. 

Bolts 154 are used to attach the outer-ring body member 
152 to the main gear member 121. If the bolts 154 are seated on the 
circular end face 152a of the outer-ring body member 152, which is 

15 made of lightweight material, in some cases a light metal alloy might 
not be strong enough when a high bolt seating pressure is used. In such 
a case, as described above, the iron-based-material circular plate 170 
is disposed on the circular end face 152a of the outer-ring body member 
152, so that the surface of the plate 170 provides the seating for the 

20 bolts. Also, an inside edge of the plate 170 is configured to form an oil 
seal 171. Therefore, attaching the plate 170 also forms an oil seal, 
eliminating the task of attaching an oil seal and also rendering 
unnecessary a mechanism for affixing an oil seal. 

Instead of using the plate 170, the specified limit contact 

25 pressure of the end face 152a constituting the bolt seat can be 
increased by forming a nickel or chromium plate coating about 5 
microns thick on the surface of the end face 152a. A bolt seat contact 
pressure is usually from 25 kgf/mm^ to 37 kgf/mm^, so it Is only 
necessary to use the surface plating to increase the limit contact 

30 pressure of the end face 152a to at least that level. Similarly, fixing bolt 
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holes 125 and tapped holes 128 are provided in the main gear member 
121 for attachment purposes, and the limit contact pressure of circular 
end faces 126 and 127 in which the bolt holes 125 are formed may not 
be enough when the main gear member 121 is formed of a material 
such as aluminum alloy. In this case too, surfaces of the end faces 126 
and 127 can be plated to increase the limit contact pressure to an 
adequate level. 

While in the foregoing the present invention has been 
described with reference to a cup-shaped wave gear drive, the 
invention is also applicable to wave gear drives having other 
configurations. The invention can also be applied to simplex cross-roller 
bearings and to other bearings. 

As described in the foregoing, in the lightweight bearing 
according to the present invention, the outer-ring and inner-ring body 
members are formed of lightweight materials, and just the outer-ring 
and inner-ring raceway formation members, which need to have high 
strength, are formed of iron-based material, and these members are 
joined together. Bolt seating surfaces are plated to ensure they are 
sufficiently strong to withstand bolt contact pressures. Therefore, in 
accordance with this invention, it is possible to attain a bearing that is 
very light and can be securely fastened to other members. 

The invention also provides a wave gear drive in which, in 
the rigid internal gear, lightweight material is used for the main gear 
member and iron-based material for the teeth formation member, and 
the bolt seating surface portions of the main gear member are plated 
to ensure sufficient contact strength. Thus, in accordance with this 
invention, it is possible to realize a lightweight wave gear drive that can 
be securely fastened to other members. 
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